Ordered phosphorylation events in two independent cascades of the PTEN C-tail revealed by NMR.
PTEN phosphatase is a tumor suppressor controlling notably cell growth, proliferation and survival. The multisite phosphorylation of the PTEN C-terminal tail regulates PTEN activity and intracellular trafficking. The dynamical nature of such regulatory events represents a crucial dimension for timing cellular decisions. Here we show that NMR spectroscopy allows reporting on the order and kinetics of clustered multisite phosphorylation events. We first unambiguously identify in vitro seven bona fide sites modified by CK2 and GSK3β kinases and two new sites on the PTEN C-terminal tail. Then, monitoring the formation of transient intermediate phosphorylated states, we determine the sequence of these reactions and calculate their apparent rate constants. Finally, we assess the dynamic formation of these phosphorylation events induced by endogenous kinases directly in extracts of human neuroblastoma cells. Taken together, our data indicate that two cascades of events controlled by CK2 and GSK3β occur independently on two clusters of sites (S380-S385 and S361-S370) and that in each cluster the reactions follow an ordered model with a distributive kinetic mechanism. Besides emphasizing the ability of NMR to quantitatively and dynamically follow post-translational modifications, these results bring a temporal dimension on the establishment of PTEN phosphorylation cascades.